1. Introduction {#sec1}
===============

Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2), is a novel coronavirus first detected in Wuhan, China, in December, 2019. On March 11th, 2020, the World Health Organization declared COVID-19 as a global pandemic.[@bib1] As of March 30th, 2020, it has rapidly spread to more than 203 countries and with more than 638,146 cases worldwide and 30,039 deaths.[@bib1] In India, so far 1071 cases have been reported with 29 deaths till March 30th, 2020.[@bib2] The cases are rising at an exponential rate. Daily increase in the number of cases and associated mortality has forced lockdown in various countries to check the spread of the virus.

While having widespread effects on various systems, COVID-19 interacts with the cardiovascular system at various levels and has caused direct and indirect damage. Similarly, preexisting cardiovascular disease predisposes to serious COVID-19 infection with increased morbidity and mortality.

2. Pathophysiology {#sec2}
==================

SARS-CoV-2 is a novel single-stranded enveloped positive sense RNA virus. More than 90% of its genome resembles that of a bat (now believed to be the zoonotic host for this SARS-CoV-2).[@bib3] It resembles another severe acute respiratory syndrome coronavirus (SARS-CoV) from 2012 and the Middle East respiratory syndrome coronavirus.[@bib4]^,^[@bib5]

SARS-CoV-2 belongs to β corona-virus (Co--V) and binds to zinc peptidase angiotensin-converting enzyme 2 (ACE2) protein for cell entry after activation of spike protein.[@bib6] It is well known that ACE2 is expressed majorly in the lung (that appears to be the predominant portal of entry), also in the heart, intestinal epithelium, vascular endothelium, and kidneys.[@bib7]^,^[@bib8] ACE2 has an important role in protecting the lung. But viral binding to its receptor deregulates the protective pathway and enhances pathogenicity. Expression of ACE2 on various organs could explain the multiorgan dysfunction[@bib7]^,^[@bib8] that has been described in some cases of COVID-19.

The estimated R0 (basic reproduction number) for SARS-CoV is about 3.28 (1.4--6.49), which exceeds the WHO estimates from 1.4 to 2.5.[@bib9] This means each infected person can approximately infect 3--4 persons in a susceptible population. While the major route of spread of infection is via respiratory droplets and fomites, the fecal--oral route of transmission is of special concern as the virus has also been detected in stool of patients.[@bib10] SARS-CoV-2 remained viable in aerosols for up to 3 h and more stable on plastic and stainless steel than on copper and cardboard, and the viable virus was detected up to 72 h after application to these surfaces.[@bib11] The median incubation period was around 5 days (1--14 days) with more than 95% experiencing symptoms within 12 days of exposure[@bib12]^,^[@bib13]^,^[@bib14]^,^[@bib15].

3. Clinical presentations {#sec3}
=========================

Clinical presentation of COVID-19 may range from mild (81%) to severe (14%) and critical (5%)[@bib14]^,^ ([Fig. 1](#fig1){ref-type="fig"}). Typical signs and symptoms of COVID-19 include the following: fever (87.9%), dry cough (67.7%), fatigue (38.1%), sputum production (33.4%), shortness of breath (18.6%), sore throat (13.9%), headache (13.6%), myalgia or arthralgia (14.8%), chills (11.4%), nausea or vomiting (5.0%), nasal congestion (4.8%), diarrhea (3.7%), hemoptysis (0.9%), and conjunctival congestion (0.8%).[@bib15]Fig. 1Severe acute respiratory syndrome coronavirus-2 and the cardiovascular system.Fig. 1

Those presenting with severe symptoms may have pneumonia, acute respiratory distress syndrome, dyspnea with respiratory rate \> 30/min and oxygen saturation ≤ 93%, and/or lung infiltrates \>50% within 2 days of presentation. Critical patients had septic shock and multiorgan dysfunction. The case fatality rate (CFR) varies by location and intensity of transmission and has been reported to be 0.7--5.8%[@bib15] which is higher than that of influenza (0.1%). It is important to note that the CFR is dependent on the age at the time of presentation and associated comorbidities. The CFR is \<1% for those aged \<50 years, 1.3% for patients aged 50--59 years, 3.6% for patients aged 60--69 years, 8% for those aged between 70 and 79 years, and more than 14% for those aged \>80 years.[@bib14] In COVID-19, the overall symptomatic secondary attack rate (the rate of transmitting the disease to close contacts) is 0.45% for close contacts and \>10% for household contacts.[@bib16]

In a two meta-analysis of six and eight studies from China that examined presence of comorbidities,[@bib17]^,^[@bib18] hypertension, cardiovascular and cerebrovascular disease, and diabetes was seen in approximately 17%, 16.5%, and 5--9%, respectively, with higher incidence in those requiring intensive care. Isolated cardiovascular disease may be seen in approximately 2.5--5% of cases.[@bib19] The pathways leading to these manifestations include complex interplay of age, impaired immune system, and direct myocardial involvement via ACE2 in these patients.[@bib20] These pathways appear to be multifactorial and often bidirectional. As more international data emerge, potential relations between Cardio vascular disease (CVD) and COVID-19 will become clearer. Currently, diagnosis of COVID-19 depends on the use of real-time reverse transcriptase polymerase chain reaction using upper and lower respiratory samples.[@bib21] However, newer and faster diagnostic kits are going to be available soon. Computed tomography of chest shows abnormality in \>80% of patients with often subpleural and ground glass opacification and consolidation. However, this depends on the severity of infection.[@bib22] A large number of patients (\>80%) have lymphocytopenia.[@bib12]

4. Cardiac manifestations {#sec4}
=========================

It is difficult to outline the spectrum of cardiovascular presentations of COVID-19. However, with the available evidence, it appears that the cardiovascular sequelae may range from direct or indirect myocardial injury ([Fig. 1](#fig1){ref-type="fig"}), myocarditis, possible acute coronary syndrome, cardiac arrhythmias, heart failure, and cardiogenic shock.[@bib23]^,^[@bib24] Elevated troponin levels have been observed in many patients with COVID-19, with significant differences between those who died and those who survived.[@bib25] In a meta-analysis of 4 studies, cardiac troponin I levels were much higher in those with severe disease than in those with nonsevere disease.[@bib25] Interestingly, the median Troponin I (TnI) among survivors did not change while it rose exponentially in nonsurvivors.[@bib26] Along with rise in troponins, other inflammatory biomarkers such as D dimers, interleukin-6, and so on also showed a significant increase reflecting severe pan-inflammatory response.[@bib20] Another group of patients presented with predominant cardiac symptoms mimicking viral myocarditis or acute coronary syndrome. Two cases recently reported highlight the possible direct effect of COVID-19 on the cardiovascular system. One patient[@bib27] presented with typical chest pain and ST elevation in ECG, left ventricular (LV) dysfunction, and positive troponins but nonobstructive coronary arteries. Another patient presented with severe myocarditis and severe LV dysfunction along with respiratory infection.[@bib28] Both the cases responded well to immunoglobulins and steroids with complete normalization of all parameters.

Cardiac arrhythmias have been noted in patients with COVID-19 but have not been characterized.[@bib29] Nonspecific palpitations are seen in approximately 7% of patients and arrhythmias in 16% of the hospitalized patients.[@bib29] Whether these arrhythmias are a direct manifestation of COVID-19 on the heart or are occurring because of metabolic disturbances, hypoxic injuries, or neurohormonal imbalance is still not clear.[@bib30] Because many of the drugs used in the management of this disease prolong the QT and corrected QT interval (QTc), there is a risk of drug-induced torsades de pointes and drug-induced sudden cardiac death, especially when multiple medications are administered. Therefore, QT calculation in ECG is mandatory when drugs are used and QTc \>500 should to be taken as the upper limit. Patients infected with COVID-19 are likely at increased risk of venous thromboembolism. Although there are no published case series thus far, there are reports of abnormal coagulation parameters in hospitalized patients with severe COVID-19 disease. HMG-CoA reductase inhibitors (statins) also have the potential to interact with the combination of lopinavir/ritonavir and can result in myopathy due to elevated statin levels when administered together. Similarly, heart failure has been described in almost 20% of cases, especially in those with underlying kidney disease.[@bib31] However, it is not clear whether it is because of direct myocardial injury or exacerbation of underlying LV dysfunction. Cardiogenic shock is seen as a feature in critically ill patients with COVID-19. More commonly, it is a spectrum of overlap between cardiac and primary pulmonary manifestation, thereby giving a mixed shock picture. Brain natriuretic peptide and echocardiography can help in clarifying the diagnosis.[@bib32] It is important to ascertain the type to choose the mechanical respiratory or circulatory support with extracorporeal membranous oxygenation and so on. The utility of these support systems is still not well ascertained.[@bib33] Another concern is patients of heart transplantation presenting with COVID-19. In 2 such cases described,[@bib34] both presented with fever and had ground glass opacities in the lung. They responded well to treatment after management with antivirals and glucocorticoids. In a series of 87 patients, the incidence of COVID-19 in patients with heart transplantation was not found to be higher.[@bib35] At present, it is not clear how COVID-19 is going to impact need and management of cardiac transplantation. More data are needed to draw definite conclusions in this regard. Further, if the recipient is negative for SARS-CoV-2 and has no prior exposure or symptoms in 2--4 weeks, it is currently recommended to continue heart transplantation without any change in regimens.[@bib36]

5. Predictors of mortality {#sec5}
==========================

According to the current literature, outcomes in COVID-19 depend on various clinical and biochemical parameters ([Fig. 1](#fig1){ref-type="fig"}). The number of people aged more than 65 years, presence of comorbidities (such as hypertension and preexisting CVD) and elevated cardiac troponin I levels (signifying cardiac injury), and D dimer levels were found to be higher in nonsurvivors.[@bib24]^,^[@bib30]^,^[@bib31] Some of the studies showed higher levels of myoglobin, C-reactive protein, serum ferritin, and interleukin-6 in patients who died.[@bib24] This suggests the inflammatory surge in COVID-19.

6. ACE2 and practical management implications {#sec6}
=============================================

ACE2 negatively regulates the renin angiotensin system by inactivating angiotensin II and plays a protective role. However, implications of modulation of this receptor by COVID-19 are still not clear. There have been concerns whether Angiotensin-converting enzyme (ACE) inhibitors and angiotensin receptor blockers (ARBs) may upregulate ACE2, thereby increasing susceptibility to the virus and hence more severe infection.[@bib37] On the contrary, there is evidence that drugs may enhance the protective effect of ACE2 on the lung.[@bib38]^,^[@bib39] The data are currently insufficient to provide any definite recommendation regarding the same. Currently, it is advisable to continue these medications without interruption in patients.[@bib40]

7. Treatment targets and strategies {#sec7}
===================================

Antiviral therapy is being studied for treatment of COVID-19 ([Fig. 1](#fig1){ref-type="fig"}). Ribavirin and remedesivir are antiretroviral agents that interrupt RNA replication by acting as nucleotide analog.[@bib41] Trials are underway to test their efficacy in COVID-19[@bib42]^,^[@bib43]. Similarly, lopinavir/ritonavir are a combination of protease inhibitors that inhibit RNA replication have been tried with variable success in treating COVID-19[@bib44]^,^[@bib45]^.^ They have synergistic action with ribavirin. Other antiviral agents such as arbidol and favipiravir have been used but conclusive data are still awaited.[@bib46] In view of wide interactions of these drugs with P2Y12 inhibitors, prasugrel is the preferred choice.[@bib47] In case it cannot be used, a testing guided approach with platelet function assays is strongly recommended. In view of the cytokine storm seen in COVID-19, interleukin-6 antagonists (tocilizumab and sarilumab) are potential therapies that have been tried, and trials are underway.[@bib48]^,^[@bib49] Chloroquine and hydroxychloroquine have been shown to block the entry of the virus into the cell.[@bib50] A small study tested the effect of hydroxychloroquine and azithromycin on respiratory viral loads in patients with COVID-19.[@bib51] Virus elimination was faster in those taking hydroxychloroquine and even faster when the combination was taken. This needs to be verified in future studies. Definitive evidence for their use in prophylaxis and management is awaited in trials.[@bib52] Other potential promising therapies include use of recombinant human ACE2 (APN01) that reduces inflammatory cytokines such as IL-6 and has potential to neutralize the virus and protect the lung[@bib53] and camostat mesylate, a serine protease inhibitor that blocks SARS-CoV-2 entry into cells.[@bib54]

Lack of definitive treatment and vaccines puts preventive strategies in forefront, while managing COVID-19. It is pertinent to note that healthcare workers are at elevated risk for contracting the virus. In a study, approximately 4% of the infected individuals were healthcare providers.[@bib55] This emphasizes the need for self-protection with personal protective equipment (PPE) before caring for patients with COVID-19. As discussed, the transmission occurs most commonly via respiratory droplets, and hence self-protection with face mask, eye protection, gloves, and protective gowns are important for healthcare professionals.[@bib56]

8. Specific precautions to prevent spread in cardiac patients {#sec8}
=============================================================

Cardiac patients must be informed regarding signs and symptoms of COVID-19 and should be trained in physical/social distancing along with other practices to maintain good hygiene. There is no specific guideline regarding the use of masks in cardiac patients in routine.

When a cardiac patient is presenting with fever or other symptoms of infection, a comprehensive evaluation has to be performed. At present, there is no specific guidance about COVID-19 testing in all cardiac patients. All cardiac patients must continue their treatment as prescribed including ACEI/ARBs.

9. Follow-up of cardiac patients {#sec9}
================================

All cardiac patients are advised to avoid/postpone their routine follow-up visit to the hospital/doctors and to encourage teleconsultation. All routine health checkups for cardiovascular screening should to be postponed for some time.

10. Cardiac patients planned for surgery/intervention {#sec10}
=====================================================

Elective surgeries/intervention for cardiac patients can be rescheduled if possible. However, cardiologists and patients must decide, with mutual consent, after looking into the potential harms of delaying intervention/surgery.

11. Role of prophylactic therapy in cardiac patient for prevention of COVID-19 {#sec11}
==============================================================================

At this time, there is no evidence or published guidelines regarding the use of prophylactic antiviral therapy or hydroxychloroquine for COVID-19 in cardiac patients. Recommendation for empiric use of hydroxychloroquine for prophylaxis of SARS-CoV-2 is available at <https://icmr.nic.in/>

12. COVID-19 and guidelines for cardiac care providers {#sec12}
======================================================

COVID-19 has put an enormous burden on the healthcare system and cardiac care providers, that is, doctors, nurses, technicians, and caregivers, and all other allied professionals are at increased risk for coronavirus infection as chances of acquiring infection at workplace are high. More than 10% of health workers have been infected in Italy. So, all healthcare providers should follow the guideline for PPE. In teaching hospitals, it is imperative to minimize exposure among trainees and nonessential staff (e.g. medical students) not only for their own safety and that of their patients but also for conservation of PPE. Self-reporting symptoms and isolation of healthcare providers should be performed.

13. Cardiology outdoor and indoor clinic {#sec13}
========================================

Because some symptoms of COVID-19 are similar to cardiac disease, exposure risk for healthcare workers in cardiology exists in outpatient settings. All cardiologists and other staff need to take proper protection as adviced by their local guidelines (including gloves, protection suits, N95 masks, work caps, goggles/protective screens, and so on). Proper screening of all the patients should be performed before they are allowed to enter the waiting area. Patients in the waiting area should maintain distance of more than one meter apart. Strict implementation of "one doctor, one patient, and one consultation room"" should be performed. Patients and their family members need to wear masks and keep a distance. The medical staff of the electrocardiogram room was also in close contact with patients when performing electrocardiogram, so they also needed proper protection. Regular cleaning of noninvasive facilities such as ECG, echocardiography, Holter monitors, and so on has been proposed to safe guard self and others.

14. Cardiac critical care unit (CCU) and cath lab {#sec14}
=================================================

Cath lab and CCU personnel face significant issues during this time. CCUs should adopt the strict principle of single room admission. A recent article has put the things in right perspective for all the intervention doctors and staff.[@bib56] It is strongly recommended to defer all the elective cases to minimize exposure time and preserve resources. In patients with active COVID-19 presenting with ST elevation, myocardial infarction, and who are stable, fibrinolysis is a reasonable option. In case of urgent intention, for all staff directly involved in the procedure PPE should be worn, and powdered air-purifying respirators are reasonable. In patients requiring intubation, it should be ideally performed before arrival in the cath laboratory. It is recommended to use HEPA filters between tubes and bags. Further, while most of the laboratories are typically configured with positive pressure ventilation, many of such laboratories were converted to negative pressure isolation in setting of COVID-19 in China.[@bib57]

Regular education programs and close coordination with infection control team are also of paramount importance. Feeling under pressure and working under extreme circumstances are likely to be experienced by medical care providers on many occasions. Stress and the panic associated with the current situation will be more evident in the near future, so managing mental health and psychosocial well-being during this time is as important as managing physical health. In addition to self-protection, we should learn to protect our families from us during the epidemic.

15. Management of family members of inpatients {#sec15}
==============================================

Inpatients can only be accompanied by at most one family member, and the accompanying family member must complete the COVID-19 screening. They should wear masks and should go for regular screening, for COVID-19--related symptoms while in the hospital.

16. Ethical challenges {#sec16}
======================

The unprecedented challenge represented by the COVID-19 pandemic has brought many new and dramatic ethical challenges to medical profession, especially in underdeveloped and developing countries. This ranges from policy issues to many clinical dilemmas. The reuse of PPE has ethical challenges even in many developed countries, but now this practice is adapted in many countries in view of severe shortage of PPE. Close interaction between patient advocates, government officials, and regulators, as well as physician groups, hospital administrators, pharmaceuticals, manufactures, and other societal leaders will be essential to solve these ethical challenges.

17. General protection steps for cardiac patients {#sec17}
=================================================

•Regular handwashing with soap and water or an alcohol-based hand rub•Cover your mouth with a tissue while coughing and sneezing, dispose the tissue, and wash hands.•Avoid touching face with unclean hands•Clean and disinfect frequently used objects (especially mobile and purse) and surfaces.•Avoid close contact with people -- keep more than 1 m distance between you and others•Avoid crowded spaces, especially indoors.•Avoid contact with anyone who is ill with a cough, fever, or difficulty in breathing•Do not share objects that touch your mouth -- for example, bottles, cups.•Do not shake hands.•Practice social/physical distancing•Continue all medicines and advice as given by your physician.•Refill your prescription medications and have over-the-counter medicines and supplies, for example, tissues papers and a thermometer•Make a joint plan with family, friends, and neighbors for the support you need now, or if you become unwell•Meet people in a well-ventilated room or outdoors.•Ask visitors to wash their hands properly.•Do not isolate yourself from friends and family.

18. Conclusions {#sec18}
===============

The COVID-19 pandemic has devastated the health and healthcare systems globally and has far more effects that will be visible as this evolves. To suppress and control the epidemic, countries must isolate, test, treat, and trace. If this is not adopted, transmission chains can continue at a low level and then resurface once physical distancing measures are lifted. The time has come when we must think, plan, and perform professionally to fight this epidemic. Our interventions need to be self-assessed periodically whether they are relevant in the changing environment. We need not confine ourselves in providing temporary remedies but strive for ensuring sustainable and viable solution. While no definitive management is there, it is important that the countries those have not witnessed or are about to witness social transmission must learn the lessons well from countries already facing the disaster. Wisdom lies in not repeating the same mistake that others have done but learning from them.
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